Objective: To examine several potential predictive screening tools for emergency department assessment of risk of self-harm.
T he assessment of patients for suicidal ideation is a common occurrence in primary care 1 and the emergency department. 2 These assessments are difficult owing to the lack of valid and reliable suicidal or future self-harm scales, the low rate of suicide even in high-risk groups, and because many of these patients provide inaccurate information to physicians. [3] [4] [5] [6] There has been research on risk factors [7] [8] [9] [10] and the use of psychometric tools 5, [11] [12] [13] [14] in the prediction of suicide and self-harm. Research on this subject has been undertaken, evaluating psychometric evaluation of depression, 15 hopelessness, 15, 16 and various suicide-specific questionnaires. 17 However, there is still a lack of evidence regarding tools to predict the risk of future self-harm to individual patients. 1 While clinical judgment is still the standard approach in most emergency departments, there has been research completed on using psychometric tools 7, 12, 15, [17] [18] [19] to provide a more objective and consistent method of determining the risk of future self-harm. To date, there has been some success in determining objective predictive factors 4, 11, 14, 20, 21 in the emergency department setting; however, a recent systematic review on the topic 22 found that these tools are not effective at determining the level of risk as none of these tools has been able to achieve both strong sensitivity and specificity.
The purpose of our paper is to expand on this knowledge by examining the effectiveness of the MSHR, 11 the BHS, 16 the BSI, 23 the BIS, 24 the CAGE Questionnaire, 25 and the DAST-10 26 questionnaires and their related psychological constructs in the prediction of self-harm within 3 months of presenting to the emergency department.
Methods

Sample
Patient enrolment occurred within the emergency departments of the Royal Alexandra Hospital and the University of Alberta Hospital in Edmonton, Alberta. Study enrolment began in late August 2009 and finished in May 2010. These sites are both large teaching hospitals staffed with full-time certified emergency physicians, serviced full-time day emergency department psychiatric staff, and 16-hour emergency department and inpatient mental health services. These are the 2 largest emergency departments in the Edmonton region, servicing more than 60 000 adult patient visits per year. Patients presenting to these emergency departments with suicidal ideation or self-harm were enrolled as they were being assessed in the emergency department.
Only permanent residents of Alberta were enrolled as these patients allowed us a greater possibility of successfully completing the study follow-up. Enrolment was limited to the adult population (18 years and older). We excluded patients who were physically violent (that is, those posing an unacceptable risk to staff members as determined by the attending physician) or did not have the capacity to provide informed written consent to the study, as well as those suffering an acute medical condition that would prevent them from participating (for example, intoxication or overdose). Patients presenting with overdose or substantial intoxication were enrolled in the event that their condition improved sufficiently. Patients who were unable to understand and communicate in English were also excluded. Eligibility for the study was determined by the most responsible physician. All patients were enrolled after an initial assessment by at least one physician.
Assessments
Patients who agreed to be enrolled in the study were administered a standardized verbal interview questionnaire by a trained researcher who collected relevant demographic
Clinical Implications
• Measures of hostility and attentional impulsivity indicate a higher risk of self-harm for patients in the emergency department.
• Future research should examine integrating psychometric assessments into clinical assessment.
• Severity of depression may not reflect high short-term risk of self-harm in acute settings.
Limitations
• Many of the tools examined have uncertainties surrounding their reliability and validity in the emergency department setting.
• Most patients were not reliably categorized into either a high-or low-risk group using the methods assessed.
• Selection bias and type I errors could influence the results of the analysis in our study. (for example, age, sex, education level, and living situation) and medical (for example, history of psychiatric disorders and self-harm) information. The patients then completed written questionnaires, BSI, BIS, BHS, and CAGE and DAST. A chart review was also conducted after the patients were discharged.
Abbreviations
BHS
The BSI 23 is a 53-item questionnaire that assesses various psychiatric symptoms present in the past week using a 5-point rating scale. Subscales of this questionnaire measure anxiety, depression, hostility, interpersonal sensitivity, obsessive-compulsivity, paranoid ideation, phobic anxiety, psychoticism, and somatization. The BIS 24 is a 30-item questionnaire designed to measure a person's level of impulsiveness using a 4-point rating scale. The questionnaire provides several subscales that attempt to measure specific aspects of impulsiveness including attentional, attentional impulsiveness, cognitive complexity, cognitive instability, motor, motor impulsiveness, nonplanning impulsiveness, perseverance, and self-control. The BHS 16 is a 20-item true or false questionnaire that attempts to measure the level of hopelessness that a patient has about their future. The CAGE 25 Questionnaire is a 4-question alcohol abuse screen with a cut-off score of 3 or more while the DAST 26 is a 10-item questionnaire that measures the use of drugs. An MSHR 27 risk assessment was calculated by the researcher at the time of the interview based on information gathered from the patient and medical staff. The MSHR contains 4 screening questions where a positive response to any question entails a positive result.
Outcome
Three months after enrolment, patients were contacted via telephone and asked whether they had engaged in self-harm since their visit to the hospital. Electronic health records were also reviewed to determine if enrolled patients had visited an emergency department for self-harm. These databases included emergency department records for all presentations to any emergency department within the Edmonton region as well as inpatient records for this region. Emergency department and inpatient records were also available for some hospitals in Alberta that were outside the Edmonton region. These databases also include completed suicides.
The occurrence of self-harming behaviour was determined during the phone interview using the question: "In the last 3 months have you attempted to injure or harm yourself?" Agreement between the 2 methods was 89.2% (κ = 0.55).
Analysis
Failure to answer one or more of the questionnaire questions was adjusted for during analysis. The method of scoring for the BSI 28 adjusted for missing answers by averaging the scores of the responses. The BHS and BIS do not have explicitly stated methods to deal with missing values. Therefore, it was decided to use the same method for the BHS that was used for the BSI but to only use questionnaires that had 90% or more of the questions answered. For the BIS, this method was not practical, hence it was decided that mean replacement would be used for missing questions. Missing scores for the BIS were replaced with the mean response of the missing question.
As with the BHS questionnaire, those BSI questionnaires that were less than 90% completed were counted as missing.
(Questionnaires with missing data did not differ from those with complete data regarding lost to follow-up, self-harm in the follow-up period, or demographic factors.)
Continuous variables were assessed for symmetry and transformations were performed to convert skewed variables to approximate a normal distribution. The scores for the BHS, BSI, and BIS were transformed so that their standard deviations would equal 1 and the resulting odds ratios would show the increase in odds for self-harm for an increase in score equal to 1 standard deviation. This allows the resulting odds ratios to be directly comparable between the continuous scales and reduces potential confusion that would otherwise result from multiple questionnaires that use different scoring methods. Univariate analysis was performed on the transformed and grouped variables. Hierarchical regression analysis was performed on the significant univariate scales to determine if they could add significantly to an initial model that contained 4 variables: history of self-harm, education level, age category, and presentation status (whether they presented with self-harm or ideation only).
ROC curve analysis was performed on the significant questionnaires and their subscales to determine their sensitivity, specificity, and likelihood ratios. All statistics were obtained through the use of Stata, release 11. 29 Our study received approval from the Human Research Ethics Board of the University of Alberta. Informed written consent was obtained from each participant.
Results
Sample
During the study period, a total of 270 eligible patients were approached to participate in the study; 89 (33%) refused and 181 (67%) patients agreed to be enrolled in the study. Among the 181 patients enrolled in the study, the questionnaire material was completed by 157 (86.7%) of the patients, and 128 (82.0%) of those patients were successfully contacted at the end of the 3-month follow-up period. The characteristics of the 157 patients who completed the questionnaires were not significantly different (in age, rate of admission, or selfharm) from the patients who refused to participate in the study. The rate of psychiatric consultation was significantly higher (P < 0.001) in the enrolled patients (93.6%) than in the refusal group (79.8%).
The study sample of men was 51.1%, with a mean age of 37.2 years, and 44.5% presented with self-harm. Almost one-half of the study sample was admitted to an inpatient Emergency Department Assessment of Self-Harm Risk Using Psychometric Questionnaires ward (49.7%) and nearly three-quarters (71.6%) had a history of self-harm. Almost one-half (44.5%) presented with recent self-harm, and overdose ingestion was the most common form of self-harm encountered, affecting 30% of the sample. The sample was evenly divided between the 2 sites, with 50.3% of the patients enrolled at the University of the Alberta Hospital site. Overall, 36.3% of the sample was aged between 18 and 29 years, while 35.7% of the sample was aged between 30 and 44 years. From the 128 patients who completed all of the assessments and were successfully followed up, 34 (26.6%) reported self-harm events in the 3-month period. Demographic variables are compared between patients with self-harm in the follow-up, those without self-harm, and those lost to follow-up in Table 1 .
Univariate Analysis
Univariate logistic regression resulted in a mixture of significant and nonsignificant results from the questionnaire data (Tables 2 and 3 ). The overall scores for the BSI (GSI: OR 1.64; 95% CI 1.10 to 2.46) and BIS (OR 1.78; 95% CI 1.17 to 2.69) questionnaires were both significantly related to future self-harm. The BHS was not a significant variable, both as a continuous variable (OR 1.35; 95% CI 0.93 to 1.96) and as a binary variable using the recommended cut-off score of 1416 (OR 1.41; 95% CI 0.64 to 3.08). The CAGE Questionnaire was also ineffective at discriminating recidivists from nonrecidivists, using the established cut-off score of 3 (OR 1.39; 95% CI 0.62 to 3.08). The DAST questionnaire was not significant (P = 0.14) when analyzed by grouping into 5 risk groups (0, 1 to 2, 3 to 5, 6 to 8, and 9 to 10); however, the highest risk category did produce a significant result (OR 7.08; 95% CI 1.21 to 41.5). The remaining risk categories all produced odds ratios close to one. The MSHR produced an odds ratio of 3.36; however, this result was not significant (P = 0.08). (Table 3 ). The BSI had 5 significant results out of the 12 possible scales and all of the scales had odds ratios of greater than 1. The significant subscales were the anxiety (OR 1.54; 95% CI 1.03 to 2.30), hostility (OR 1.58; 95% CI 1.06 to 2.36), obsessive-compulsive (OR 1.49; 95% CI 1.00 to 2.21), and somatization (OR 1.55; 95% CI 1.03 to 2.34) subscales.
Subscales of the BSI and BIS were analyzed individually
The BIS had 6 of a possible 10 scales (9 subscales and the overall score) significantly related to future self-harm, and all of the possible scales from this questionnaire produced odds ratios greater than 1. The significant subscales from this questionnaire were the attention (OR 1.59; 95% CI 1.06 to 2.38), attentional impulsiveness (OR 1.68; 95% CI 1.13 to 2.51), cognitive instability (OR 1.49; 95% CI 1.02 to 2.18), motor (OR 1.68; 95% CI 1.10 to 2.56), and motor impulsiveness (OR 1.64; 95% CI 1.08 to 2.52) subscales.
The significant variables were added to a regression model already containing the patients' history of self-harm, education level, age, and presentation status (whether they presented with self-harm or ideation only). The cognitive instability, attentional impulsivity, and total score of the BIS all obtained P values of less than 0.05. The DAST questionnaire, scored dichotomously, using the highest risk category as the cut-off, was also significant at P < 0.05. The motor impulsiveness and attention subscales of the BIS were close to significant (P < 0.1) and the remaining scales all had P values of greater than 0.1.
ROC Analysis
The BIS total score had the highest area under the curve (0.66) although none of the questionnaires produced cut points with both high sensitivity and specificity (results of ROC analysis are shown in Table 4 ). The BHS and the CAGE Questionnaire both had nonsignificant results and did not offer high sensitivity or specificity using their established cut-off criteria. The DAST managed to produce a high specificity cut-off (97.9%) but this resulted in low sensitivity (14.7%). The MSHR produced a sensitivity of 95%, with a specificity of 15%. The strongest of the subscales for the BSI was the hostility subscales, which had a sensitivity and specificity of 25.7% and 95.0%. The strongest subscales for the BIS, the motor subscale, managed 
Discussion
Our study enrolled patients in the emergency department at risk for self-harm and used reportedly valid measurements to predict suicidal and self-harm activity within 3 months of the emergency department visit. Univariate analysis supports a relation among many of the constructs that the questionnaires are designed to measure and future self-harm events. In particular, there is evidence that the impulsivity constructs measured are related to self-harm in the 3 months following assessment as well as several of the general psychiatric constructs measured by the BSI and level of drug abuse as measured by the DAST questionnaire. However, none of the measures tested in our study proved to be sufficiently associated with future self-harm to make them effective clinical tools in isolation. The DAST and BIS questionnaires showed potential as useful clinical adjuncts in addition to clinical and demographic variables.
For the BSI questionnaire, the hostility subscale had the strongest association with self-harm. Hostility has been indicated as a proxy measure of personality disorder in an article by Keilp et al 30 on the relation between hostility and borderline personality. Therefore, it is possible that the usefulness of hostility in our study is because of its association with personality disorders. For the BIS, the motor subscale performed the best in ROC analysis. This subscale was the strongest of all the questionnaires and scales tested in our study, and it has been linked with selfharming behaviour in previous studies that compared people with a history of self-harm to those without a history. 31 Our study expands on this knowledge by showing that the motor subscale is also effective at predicting self-harming behaviour prospectively in acute patients. It is possible that the relation between motor impulsiveness, and the other subscales from the BIS, with further self-harm can be explained as a result of the presence of impulsive symptoms in many psychiatric disorders, such as personality and bipolar disorders. 32 This does not necessarily rule out that it is the impulsive aspects of these disorders that result in an increased risk of self-harming behaviour.
Despite several studies that indicate its potential in screening for self-harm, the MSHR did not perform well in our study sample. This could be due to its over-inclusiveness resulting in a large standard error, as it managed to achieve a reasonable odds ratio (3.36) when compared with many of the significant questionnaires and produced statistics (95% sensitivity and 15% specificity) similar to those produced in the original studies. 11, 27 However, the proportion of the sample that was deemed to be low risk according to this screen was so small that it prevented the measure from being clinically useful.
The DAST questionnaire also showed some relation with future self-harm; however, based on this sample, only patients who registered very high drug abuse scores according to the questionnaire actually engaged in self-harm more often than drug abstainers. This could indicate that recreational drug use is not associated with self-harming behaviours but that people with severe addiction issues are at an increased risk. The poor performance of this tool for predicting self-harm by itself is not surprising as it does not attempt to measure concepts directly related to suicide.
Although long considered a substantial risk factor for suicide, 33, 34 alcohol abuse as measured by the CAGE Questionnaire did not seem to relate to an increased risk of self-harm in this sample. The BHS and the depression scale of the BSI were also not significantly related to future self-harm despite indication that they measure constructs that are factors in long-term risk. 15, 35 It is possible that these constructs serve as proxy measures for other psychological characteristics that lead to suicidal ideation and eventually to self-harm and suicide. As this sample consisted entirely of people experiencing suicidal ideation and often a history of self-harming behaviour, it is possible that they are not a risk factor in populations where everyone is already at risk for self-harm or that they are so ubiquitous in this population that it does not function effectively as a discriminator of risk. It is also possible that the CAGE Questionnaire does not adequately measure alcohol abuse in a way that is relevant to future self-harm risk.
As with previous attempts to determine prediction methods, 11, 21 in adopting cut-off points for these scales one must sacrifice sensitivity, specificity, or both.
The results of the hierarchical regression analysis indicate that the most useful questionnaires for aiding in clinical assessment are the BIS and the DAST-10. In particular, the cognitive instability and attentional-impulsiveness scales add significantly to the demographic variables that were included in the initial model. Further research attempting to determine better clinical measures should focus on these 2 questionnaires.
Limitations
There are several limitations to this research. First, the sample of 157 patients represents a convenience sample, not all possible patients with suicidal ideation or selfharm. While patients who refused to participate appear to be similar to enrolled patients, only minimal data were available to compare groups. There was a significant difference in the rate of psychiatry consultation between people who participated in the study and those who refused. Therefore, selection bias is an issue with our study as the patients enrolled in the study tended to be slightly more acute than those who were not enrolled in the study. This should not be a major limitation as the sample examined in our study would likely be the same group that undergoes rigourous risk screening. Our study also enrolled patients from 2 large teaching hospitals, which could result in selection bias and uncertain generalizability to rural and less acute primary care settings.
Third, the use of questionnaires to measure abstract psychological constructs always introduces a level of measurement error. However, the measures used in our study have been used extensively and their ability and limitations regarding measuring the relevant constructs have been studied.
Fourth, this study design also cannot control for the effects of unforeseen future events. Many patients at high distress when presenting to the emergency department reported during the follow-up that lifestyle changes (for example, job changes or divorces) strongly affected their psychological distress at the time of the interview.
Fifth, our study design used an outcome measure that did not differentiate between suicidal and nonsuicidal self-harming behaviours. The occurrence of any self-harming indicates a need for more intensive treatment that should be tailored to a person's situation regardless of whether the selfharming behaviour is suicidal or nonsuicidal in nature. Differentiating between suicidal and nonsuicidal behaviour can also be difficult, especially when using electronic health records, which may not specify the nature of the self-harming behaviour. Recent research has also indicated that nonsuicidal and suicidal self-injuries are closely related and that the occurrence of any self-harm is a high-risk behaviour that needs to be treated to prevent the occurrence of increasingly dangerous behaviours. 36, 37 Finally, there is also a possibility that the patients who were lost to follow-up were significantly different in some fashion from patients who were successfully followed up. These limitations are offset by some notable strengths, including a large sample from an acute setting, the prospective study design, and a high follow-up rate (82%).
Conclusion
While many of the questionnaires and subscales examined in our study were associated with future self-harming events, none of them are related strongly enough to future parasuicidal behaviour to make them useful diagnostic tools for predicting self-harm. In this sample, some of the longterm risk factors associated with suicide in previous studies (for example, hopelessness or severity of depression) were not strong indicators of short-term risk. The BIS and the DAST-10 have potential as assessment tools, in addition to demographic and clinical risk indicators, and further research should focus on the practical use of these tools. Future research on this population of patients should focus on short-term risk assessment (6 months and less) as this may increase the accuracy of assessment by reducing potential confounding effects of unknowable events following enrolment.
